INTRODUCTION
Vp/Vs structure along the 13°N segment, MAR 3 Shallowing seafloor, high fluid and heat flow and seismicity mark mid-ocean ridge locations where new oceanic crust is created. Along their length, these ridges are broken up into individual segments by transform faults, which offset them laterally, juxtaposing younger against older lithosphere. Many of these fault systems can be traced to the continental margins as fracture zones, which represent their relic past. As the number of surveys of mid-ocean ridges increases, and in a broader range of ridge settings, it has become clear that crustal formation is not solely a magmatically-driven process but, instead, includes a diversity of tectonic processes operating over a wide range of inter-related scales and time frames.
Detachments and oceanic core complexes
As the spreading rate drops, and plate separation fluctuates from being accommodated by magmatism to being primarily accommodated by faulting (e.g. Buck et al., 2005) , the seafloor that forms at a midocean ridge becomes rougher due to an increase in normal fault throw (e.g. Macdonald, 1982) . Not only is such a variation in spreading style observed on a segment scale over 10s of kilometres, it is also observed on a local scale linked to the waxing and waning of the magma supply to the segment, and the extent to which magma can flow laterally towards the segment ends (e.g. Shaw, 1992; Sempéré et al., 1993; Howell et al., 2016) . Such focusing results in the long-established crustal thickness proxy for volume of magma supply (e.g. Kuo and Forsyth, 1988; Thibaud et al., 1998) .
Three-dimensional numerical modelling of the controls on mid-ocean ridge fault topography and morphology (e.g. Howell et al., 2019) demonstrates an interplay between periods during which magmatism dominates and ridge-parallel inward-facing normal faults form, and periods during which faulting dominates as magma supply wanes, and detachments form. The end-member of fault-dominated seafloor morphology at slow spreading rates is a long-lived detachment (Cann et al., 1997; Tucholke et al., 1998) . Analytical modelling of these systems demonstrates how the mechanical properties of the lithosphere control fault initiation and cessation (e.g. Forsyth, 1992; Buck, 1993; Lavier et al., 2000) , and that the size and spacing of faults is dependent on the ratio, M, between magmatic intrusion and stretching (Buck et al. 2005) .
When M approaches 1, magmatic spreading dominates and axis-bounding normal faults migrate rapidly away from the ridge axis neovolcanic zone. As they reach the colder, stronger lithosphere offaxis, fault slip ceases and a new fault forms on-axis at the start of a new cycle (Howell et al., 2019) . As the magma supply drops, M decreases towards 0.5, and fault migration slows in response. Consequently, faults remain active for longer, developing greater throws, and they become more widely spaced across axis (Howell et al., 2019) . Eventually, if M=0.5 is reached, faults remain active until the magmatic conditions change (e.g. Buck et al., 2005; Tucholke et al., 2008; Howell et al., 2019) . Howell et al.'s (2019) 3-D modelling further shows that if a long-lived detachment has formed, and if the magmatic conditions change adjacent to it, the short-lived normal faults typical of magmatic accretion then form and migrate off-axis. These faults may episodically link to the long-lived detachment at depth to form a slip plane that is laterally continuous along axis for a period of time. On this basis, Howell et al. (2019) Vp/Vs structure along the 13°N segment, MAR 4 postulate that the location, extent, and active/inactive state of a detachment is controlled by the temporal and lateral variation in magma supply along axis.
There is currently considerable debate on whether a single detachment extends along the entire length of a segment or whether it is a localized feature within a segment, with Reston and Ranero (2011) and Reston (2018) arguing that the full seafloor extent of detachments could be masked by rider blocks resulting from along axis variation in lithospheric strength. Consequently, two end-member models exist - Smith et al.'s (2006 Smith et al.'s ( , 2008 segment-scale model and MacLeod et al.'s (2009) localized-scale modelin which the degree, frequency and focus of magma supply controls, to a first-order, the location of detachment initiation, its lifespan, the asymmetry between ridge flanks (e.g. Reston, 2018) , and the along axis extent or connectivity, together with the initiation and development of transform faults.
Cross-cutting the entire crust, seabed observations show that detachments first exhume a blocky massif crustal section and, ultimately, a domed and striated region of the footwall (known as an oceanic core complex -OCC), that comprises mantle rocks intruded by plutonic gabbros (e.g. Tucholke and Lin, 1994; Cann et al., 1997; Tucholke et al., 1998; MacLeod et al., 2009; Sauter et al., 2013) . Thus, a diverse assemblage of highly altered and deformed eruptive, plutonic and mantle-derived ultramafic rocks is exposed at the seabed (e.g. MacLeod et al., 2002; Escartin et al., 2003 Escartin et al., , 2017 Dick et al., 2008; Albers et al., 2019; Sanfilippo et al., 2019) , suggesting not only a complex pattern of deformation, but also that significant fluid circulation occurs.
The mechanics of slip along detachment faults, how they accommodate spreading, and what controls their onset, orientation and geometry both across and along axis, are also the subject of much debate (e.g. Reston, 2018 and references therein) . Detachment fault surfaces emerge from beneath the seafloor (at what is known as the hanging-wall cut-off) at angles too low to be consistent with models of extensional faulting alone (Buck et al., 2005) . However, such low angles may be explained by initiation along a deep, steeply-dipping rupture surface that rolls over prior to seafloor exhumation (Buck, 1988; MacLeod et al., 2009 MacLeod et al., , 2011 Morris et al., 2009; Reston, 2018) .
Local earthquake studies reveal patterns in seismicity that appear to demarcate the detachment surface to depth (e.g. deMartin et al., 2007; Collins et al., 2012; Grevemeyer et al., 2013; Schlindwein and Schmid, 2016; Parnell-Turner et al., 2017) . Focal mechanisms of these events reveal both compression and extension events that are attributed to volume expansion resulting from serpentinization or magma-chamber filling (e.g. Grevemeyer et al., 2013) , and fault hinge roll-over extensional faulting extending beneath the crust (e.g. Parnell-Turner et al., 2017) . Regardless of cause, the pattern of seismicity suggests that crustal formation is dominated by two modes of deformation which define OCC evolution, namely: i) extension upon detachment initiation at depth, and ii) compression in the footwall as the OCC is subsequently exhumed at the seafloor. This stress state change in the footwall is consistent with kinematic models of detachment fault behaviour (e.g. Buck, 1988) and observations of reverse faulting in detachment footwalls (e.g. Pressling et al., 2012) , suggesting that this compressional faulting is more likely triggered by bending stresses rather than volume expansion.
Vp/Vs structure along the 13°N segment, MAR 5 Reston (2018) considers the tectonics of slow and ultraslow spreading systems, using the Mid-Atlantic Ridge (MAR) and Southwest Indian Ridge (SWIR) as examples; proposing a model in which both amagmatic and magmatic crustal formation may occur via a succession of detachment faults that accommodate magmatism in their footwall, undergo low-angle footwall roll-over on exhumation, expose lower crustal and upper mantle lithologies at the seabed within volcanic terranes, and result in both apparent symmetric and asymmetric spreading. Either side of the SWIR spreading axis, regions of exhumed seafloor comprise a series of ridge-parallel elongate highs, with both inward-and outwardfacing fault-formed flanks interpreted by Sauter et al. (2013) as reflecting a succession of detachment faults of alternating polarity (Reston and McDermott, 2011 Reston and McDermott (2011) suggest that successive detachments could migrate across the rift axis, each to be cut by a new detachment, and if flexure of the exhuming footwall causes strain weakening, the polarity of successive faults may alternate. Reston (2018) explains such observations using a model of amagmatic crustal formation which contains a series of faults that initiate at a fixed, but deep-seated, rift axis located between the two diverging plates. Here the formation of a new detachment is controlled by rheology, and truncation of an existing detachment occurs when and where the footwall has been fractured and weakened by bending. Phases of magmatism, whether in the footwall or supplying the neovolcanic zone, act to extend the active lifespan of the detachment, such that it could continue laterally beneath rafted blocks of rougher volcanic terrane. Reston's (2018) model is based primarily on observations from the SWIR, where wide-angle seismic data modelling suggests two modes of crustal formation in which a volcanic layer forms up to a few kilometres thick (Minshull et al., 2006) , or where areas of smooth seafloor exhibit pervasive, downward-decreasing metamorphism to a depth of 6 km below seafloor (Momoh et al., 2017) . A lack of observed Moho reflections (Minshull et al., 2006) suggests that instead of a crust-mantle boundary occurring as a distinct interface (at seismic wavelengths), there is instead a transitional region. It has also become clear that the definition of the crust (and thus origin of "Moho" reflections) in such slow-and ultraslow-spreading settings is now challenged, since sections of the ridge axis are shown to comprise exhumed mantle at the seabed, located adjacent to the layered structure formed by magmatic accretion.
Consequently, such reflections may originate at a distinct traditional crust-mantle interface or at a serpentinization front within the upper mantle. In this paper we therefore use the term crust to describe material above the change (interface or transition) to normal mantle, and Moho reflections to occur there.
At the SWIR, most microseismic activity is observed in a continuous along axis band, with maximum depths ranging from 20 ± 5 km beneath exhumed seafloor to ∼5 km depth in the vicinity of volcanic terranes. This has been attributed to the varying depth of the 700°C isotherm (Schlindwein and Schmid, 2016) and delimits the extent of brittle faulting. The general lack of shallower seismicity beneath the exhumed terrane may result from serpentinization and hydration of the fractured mantle, enabled by the passage of water along faults (Reston and Pérez Gussinyé, 2007) , with Schlindwein and Schmid (2016) suggesting that the considerable thickness of the brittle layer results from cooling by Vp/Vs structure along the 13°N segment, MAR 6 extensive circulation of water. However, Grevemeyer et al. (2019) demonstrate that Schlindwein and Schmid's (2016) apparent lack of shallow seismicity and the observation of apparent deep-seated seismicity is, instead, a result of station corrections being applied that do not take account of the thin layer of low velocity sediment present. When updated, the pattern of seismicity conforms to that expected for the global temperature-depth relationship.
Transform faults and fracture zones
The relationship between ridge axis segment ends and segment-bounding transform faults (TF) and fracture zones (FZ) is not well understood. Ridge-segment-offsetting TFs are characterized by valleys tens of kilometres wide, whose depth increases with increasing distance between adjacent ridge tips. The transform valley is thought to reflect the isostatic response of a thin underlying crust (White et al., 1984) , while down-faulting may also play a role due to thermal contraction as plate spreading continues (Pockalny et al., 1996) . Transverse ridges, composed of large quantities of serpentinized peridotite, are often captured on one side of the transform valley, suggesting that not only do these fault systems represent a significant fluid flow path to the deeper crust and upper mantle, but also that density driven buoyancy contributes to their shallower bathymetric depth (Bonatti, 1976 (Bonatti, , 1978 . Since normal seafloor fabric continues across these ridges, Pockalny et al. (1996) suggest that they form as a result of transtensional extension.
Although the shallow bathymetry of the ridge-transform-fracture zone inside corner is thought to be dynamically supported (e.g. Searle and Laughton, 1977; Severinghaus and Macdonald, 1988; Blackman and Forsyth, 1991) , the lithosphere of the outside corner is thought to be locked to that across the FZ, resulting in strong coupling between lithospheres of different ages (e.g. Tuzo Wilson, 1965) .
OCC-like massifs have been observed in the inside corner high position (Reston et al., 2002) , with similar features mirrored in the outside corner. As these massifs share matching patterns of corrugations on their surfaces, and are very similar in dimensions and morphological characteristics, they are thought to result from a ridge jump. The inside corner is, thus, dissected by propagation of the adjacent spreading axis, or by a new spreading axis forming as a non-transform ridge axis discontinuity evolves into either a transform offset or an overlapping spreading centre (Reston et al., 2002) .
Lithological sampling and seismic imaging at TFs in the Atlantic and Pacific reveal variable rock characteristics that could be expected to influence faulting behaviour (Bonatti, 1978; Tréhu and Purdy, 1984; Calvert and Potts, 1985; Detrick et al., 1993; van Avendonk et al., 1998 van Avendonk et al., , 2001 . The transform fault is often characterized by an apparently thinned crust, accompanied by reduced seismic velocity over a broad zone that is attributed to alteration of the upper mantle, and uplift related to serpentinite buoyancy (e.g. Detrick and Purdy, 1980; Detrick et al., 1982; White et al., 1984; Minshull et al., 1991; Detrick et al., 1993) . Such low-velocity zones have been ascribed to intense fracturing and hydrothermal alteration associated with strike-slip motion along the active fault trace, that extends to the base of the crust (Roland et al., 2012 and references therein) . If fluid pathways are open to the lower crust and upper mantle, alteration of lower crustal gabbros would produce amphibole, serpentine and talc, and Vp/Vs structure along the 13°N segment, MAR 7 serpentinization would result from alteration of the peridotites of the uppermost mantle. Serpentinites have been dredged from Atlantic FZs (e.g. Bonatti, 1976 Bonatti, , 1978 and Pacific TFs (e.g. Hébert et al., 1983; Cannat et al., 1990; Hekinian et al., 1992) , and serpentine diapirs have been proposed as the origin of transverse ridge formation in the Vema FZ (Bonatti, 1976 (Bonatti, , 1978 . The presence of serpentine and talc within the fault zone is cited as one possible explanation for its primarily aseismic nature, due to their relatively low strength (e.g. Moore et al., 1997) .
Vp/Vs and Poisson's ratios
Although a number of seismic studies of mid-ocean ridge crust have been undertaken over recent decades, few have included the analysis of S-waves as well as P-waves. Early studies where S-wave velocity structure has been determined include Fowler (1976) at the flanks of the MAR, and Bratt and Solomon (1984) for the East Pacific Rise (EPR). More recently at the EPR, S-wave structure has been defined using travel time inversion, forward waveform modelling, and reflectivity analysis of expanded spread profiles (Vera et al., 1990) , together with amplitude modelling of data acquired with both source and receiver located close to the seafloor (Christeson et al., 1994) . Full waveform inversion of reflected and refracted arrivals has also been undertaken to resolve both the P-and S-wave velocity structure of the upper crust (e.g. Christeson et al., 1997; Collier & Singh, 1998) .
Recording S-waves is far more challenging than P-waves, being dependent both on the generation of S-waves themselves, by P-to-S-wave conversion somewhere along the sub-seabed propagation path, and the need for good coupling between the seabed and the sensor. Given the lack of sediment cover in near-ridge environments and the rough topography of slow-spreading ridges, which also degrades lateral phase coherence between shots (Spudich and Orcutt, 1980) , achieving good seabed-sensor coupling is difficult. Furthermore, the location of S-wave arrivals, within or behind the P-wave wavetrain, and the general level of background noise also affect the ability to identify arrival onset and, thus, pick arrival travel times to a degree of accuracy suitable for forward or inverse modelling.
Where co-located P-wave (Vp) and S-wave (Vs) velocity-depth models are available, Vp/Vs or Poisson's ratios can be calculated. The value of these ratios can subsequently be used: i) as a discriminator of composition (e.g. Domenico, 1984; Christensen, 1996; Christensen and Mooney, 1995) , ii) as a proxy for magma-rich vs. magma-poor crustal formation (e.g. Grevemeyer et al., 2018a) , iii) as a locator of accumulated melt within magma systems (e.g. Walsh, 1968 Walsh, , 1969 Taylor and Singh, 2002) , iv) to locate regions of hydration (e.g. Grevemeyer et al., 2018b) , v) to determine the nature of cracking (e.g. Hudson, 1980; Berge et al., 1992; Collier and Singh, 1998; Carlson, 2010 Carlson, , 2014 , and vi) to evaluate the extent of porosity and permeability (amongst other characteristics such as temperature) that facilitate hydrothermal fluid circulation (e.g. Kim et al., 2018) . Based on their contrasting velocity gradients, Grevemeyer et al. (2018a) argue that P-wave velocity can be used to discriminate between magmatically formed oceanic crust and serpentinized mantle that has been exhumed to shallow crustal level. However, this approach doesn't readily lend itself to distinguishing between crust resulting from different types of formation process. Instead, they propose that (in their Fig. 4 ), as serpentinites are characterized by a Vp/Vs ratio of ³1.9 instead of the 1.75-1.85 for basalts and gabbros of the oceanic crust (e.g. Miller, 1997, 2004; Christensen, 1996 Christensen, , 2004 , this is a better proxy to distinguish regions of serpentinized mantle (e.g. Bullock and Minshull, 2005; Prada et al., 2016) , the extent of fluid flow to the lower crust and uppermost mantle (e.g. Grevemeyer et al., 2018b) , and the degree of lower crust and uppermost mantle exhumation that occurs at the slowest spreading rates (e.g. Peirce et al., 2019b) .
Consequently, Vp/Vs or Poisson's ratios are variously both used to investigate lithology, and in particular the extent of serpentinized mantle when considered in a local OCC tectonic and geological context. Although equivalent, we include both in this paper to enable direct comparison to previous studies.
This study
Along the 13°N segment of the MAR, a number of OCCs are observed that are considered to span a range of evolutionary stages, from currently active through to dying and relict ( Fig. 1a) . Here we describe the results of modelling S-wave travel times along an ~200 km-long 2-D transect acquired during JC132 (hereafter Profile R - Fig. 1) . The results of P-wave seismic and gravity modelling along Profile R are reported by Peirce et al. (2019a) . This 2-D profile also traversed the 3-D Vp/Vs structure along the 13°N segment, MAR 9 tomographic seismic grid acquired over the 13°20'N and 13°30'N OCCs (henceforth referred to as the 1320 and 1330 OCCs - Fig. 1a ) during the same expedition, to specifically determine their internal structure and the geometry of the detachment surface. The results of the 3-D tomography-based modelling have been reported by Simão et al. (2016) , and will be published elsewhere (Simão et al., 2020 forthcoming).
GEOLOGICAL SETTING
A region of OCCs exists at 13°N on the western flank of the MAR, that is regarded as a type site (e.g. MacLeod et al., 2002; Escartin et al., 2003 Escartin et al., , 2008 Escartin et al., , 2017 . This region includes: the 1320 and 1330 OCCs ( Fig. 1) that are thought to be in the active and dying stages of evolution respectively; two further OCCs, together called the Ashadze Complex (centred at 13°05'N) that are considered to be relict (e.g. Cherkashov et al., 2008) ; and a number of OCCs fossilised in the bathymetry off-axis. Higher resolution (~4 m) swath bathymetry imaging of the OCCs (Fig. 1c and Fig. 2) , achieved by multiple passes at a range of azimuths, clearly shows the geometry of each detachment's breakaway (seabed footwall cut-off of the detachment) and hanging-wall cut-off, and the inward-facing normal fault structures of the intervening seabed.
The 1320 and 1330 OCCs have widths of ~7 km and ~12 km along axis respectively, and are ~5.5 km and ~8 km in length in the direction of spreading. Assuming a consistent half-rate of 12 km Myr -1 and symmetrical spreading, extension along the detachment associated with each may, therefore, have been on-going for ~0.5 Myr and ~0.7 Myr. Near-bottom sonar imagery suggests that the 1320 detachment may still be active (Escartin et al., 2017) . In contrast, the 1330 OCC is surrounded by volcanic craters, and displays an apparent termination of the detachment fault and observed propagation of adjacent volcanic ridges into it, thus suggesting it to be either in its final life stage or recently inactive (MacLeod et al., 2009; Mallows and Searle, 2012) .
A wide range of lithologies including gabbros, peridotites, basalts, and deformed fault rocks and mass-wasted rubble have been sampled at, or at shallow depth beneath, the seabed (MacLeod et al., 2009; Pertsev et al., 2009; Escartin et al., 2017) , similar to those observed from the OCCs of the 15°20'N (Albers et al., 2019) and 16°30'N (Sanfilippo et al., 2019) areas of the MAR. Geochemical analysis of the basalts recovered from the 13°N region reveals a change in magmatic activity from a magma-poor phase at the initiation of detachment faulting, to an apparently more magma-rich phase at the present time (Wilson et al., 2013) . Several active and extinct hydrothermal fields have been found within the 13°N segment, including on the exposed 1320 and 1330 detachment surfaces ( Fig. 1 -Beltenev Cherkashov et al., 2010b; 2013; Pertsev et al., 2012; Bortnikov et al., 2015) . The 1330 vents have been dated at up to ~100 kyr in age and show no apparent age correlation with distance off-axis.
Older deposits are found near the axis and active sites more than 5 km off-axis (Cherkashov et al., 2010a) , implying an off-axis underlying heat source.
The 13°N segment is bounded to the north by the Fifteen-Twenty FZ, and to the south by the Marathon TF-FZ system, with the Mercurius FZ located ~50 km further south. At the southern ridge-transform intersection, between the 13°N segment and Marathon FZ, there is a prominent inside corner high (Peirce et al., 2019a and references therein). The 1330 OCC lies in the equivalent location of an inside corner with respect to a deviation in trend in ridge axis morphology to its north (Fig. 1) .
The P-wave velocity-depth and density-depth crustal structures along an ~200 km-long 2-D transect traversing all of these features -Profile R -was described by Peirce et al. (2019a) . The primary conclusion of that study was that each OCC is structurally distinct and is exhumed along its own detachment fault. The crust was also inferred to be thinner between OCCs than beneath, with the two closely spaced OCCs of the Ashadze Complex exhibiting similar crustal structures at depth, such that they may now be linked, despite the north and south sections having quite distinct shallow crustal velocity and density profiles. The P-wave velocity-depth structure also indicated that the now relict Ashadze Complex and 1330 OCCs most likely have lower crust or serpentinized ultramafic lithologies exhumed to shallow, even seabed, depth, while the upper crust of the 1320 OCC comprises predominantly basaltic lithologies consistent with its still active stage of development. The P-wave study also showed that Marathon FZ appears to have a thin crust underlain by a 2-3 km-deep, ~20 km-wide zone of serpentinized upper mantle. The primary goal of this study is to test these conclusions by determining the S-wave velocity structure, and then use the Vp/Vs ratio (citing the equivalent Poisson's ratio) to provide better constraint on both the lateral and vertical variation in structure with depth, inform lithology within the crustal section, and investigate the extent of fluid flow-induced alteration. WA seismic data along Profile R were recorded by 14 OBSs deployed between ~7 km and 15 km apart along profile depending on the seabed topography (Fig. 1a) . The largest inter-OBS gap coincides with the Marathon FZ, due to the water depth there exceeding the maximum instrument operational depth. In addition, data recorded by four further OBSs deployed along a co-incident profile within the 3-D grid survey ( Fig. 1a . 1a) . For OBS 12 ( Fig. 3a & b) , for example, located on the southern flank of the 1320 OCC, secondary arriving phases identified as crustal S-wave refracted arrivals (Sg) converting at the seafloor, are only observed to offsets of <15 km to the south of the instrument location, despite P-wave refracted first arrivals (Pg) being recorded to offsets of ~30 km to both the north and south. This characteristic is common to each OBS record section along profile, from the north end of the profile to OBS 64 ( Fig. 1a) , located on the southern edge of the Ashadze Complex. Further south, Sg is more prominent (e.g. OBS 65 - Fig. 3c &   d) , being observed to both the north and south of each OBS out to shot-receiver offsets of ~40 km. There is little unequivocal evidence for mantle refracted arrivals (either Pn or Sn) or Moho reflections on any OBSs between OBS 12 and the north flank of Marathon FZ, sited on lithosphere less than ~1 Myr-old.
DATA ACQUISITION AND CHARACTERISTICS
Each OBS located on 8 Myr-old lithosphere between FZs (e.g. OBS 69 - Fig. 4) recorded P-wave arrivals out to offsets of ~55 km for shots fired from the south. For shots fired to the north of these instruments, arrivals were recorded only to offsets of ~30 km. However, corresponding S-wave (Sg) arrivals are only observed to ~40 km shot-receiver offset, and only for shots fired from the south. No primary S-waves were recorded by OBSs 13, 61 and 63 ( Fig. 1a) .
Figure 4 shows a comparison between hydrophone and horizontal geophone (X) component
record sections for OBS 69 (Fig. 1a) . Here the S-waves appear to terminate at offsets coinciding with the FZ locations, which is also a feature common to record sections where either FZ lies within ~60 km shot-receiver distance from an OBS.
TWO-DIMENSIONAL MODELLING
4.1 WA seismic data modelling S-wave (Sg) arrival travel times were picked, wherever possible, using unfiltered data, using a compare and contrast approach between horizontal geophone and hydrophone record sections for each instrument. The FAST method of Zelt and Barton (1998) was adopted for travel time inversion, using the approach outlined in Peirce et al. (2019a) for the P-wave model derived for Profile R. The model was discretized on a 0.25 km by 0.25 km uniform square mesh (forward cell size). The seabed interface, kept fixed throughout inversion, was created by sampling the bathymetry data at 0.25 km intervals along profile, and projecting this and the OBS and shot locations into kilometre distance along profile relative to a model 0,0 located at 11° 56.76'N / 44° 58.2'W ( Fig. 1a) . As no sediment cover of any significant thickness was observed along profile (see seismic reflection section in Peirce et al., 2019a) , any initial inversion model would comprise a simple 1-D velocity-depth profile applied beneath the seabed. Other than the seabed itself, no first-order velocity discontinuity was imposed anywhere within the model. Zelt and Barton (1998) state that, for FAST, the "selection of starting model is important because the assumption of the linearization is that small perturbations to the starting model are determined". As such, first, an S-wave-type velocity initial model (Fig. 6a) was constructed by dividing Peirce et al.'s (2019a) P-wave model (Fig. 6c ) by 1.7. This model, regardless of inversion parameter choice, failed to iterate effectively away from the initial start point, sufficient to be sure that it did not represent a preconceived bias as to inversion outcome. Consequently, an additional range of initial models was also tested, with the velocity immediately below the seafloor varying between 2.0 km s -1 and 4.0 km s -1 , and increasing to 7.5 km s -1 at ~5 km sub-seabed. Below this depth, the velocity was increased to 8.5 km s -1 at ~10 km sub-sea level to represent a constant-depth Moho. Regardless of the chosen velocity immediately sub-seabed, all of these initial models resulted in equivalent outcomes in terms of velocitydepth structure. Consequently, the highest velocity end-member starting model (the P-wave initial model of Peirce et al., 2019a -henceforth the initial model; Fig. 6c ) was chosen such that it represented no preconceived idea of crustal S-wave structure from the outset.
The inversion process comprised one run of five non-linear iterations with a 1.5 x 1.5 km inverse cell size, followed by one run of three iterations, with a 0.75 x 0.75 km cell size. A summary of the inversion parameters is provided in Table 1 , together with those for the corresponding P-wave model (Peirce et al., 2019a) for comparison. The differences in inversion cell sizes are a direct consequence of the sparser ray coverage, due to the fewer S-wave travel time picks, and have little effect on the inversion outcome. For the first run, a c 2 of ~14.8 and root mean square travel time misfit of 384 ms were achieved ( Fig. 7b) , where a c 2 of 1 signifies a fit to the travel time pick error. This model was used as the starting point for the second run, which resulted in a travel time misfit of 279 ms, equivalent to a c 2 of ~7.8 ( Fig.   7c ) which, primarily, suggests that the travel time pick errors have been underestimated to a minor extent.
The final inversion model (Fig. 7c) shows that each OCC has a distinct velocity structure, with higher velocity at shallow crustal level beneath the northern Ashadze Complex in particular. Both the 1320 and 1330 OCCs have a low S-wave velocity throughout the upper crust. The most notable feature of this model, though, lies throughout the region to the south of the Ashadze Complex and, in particular, beneath Marathon FZ. Here, an S-wave velocity of ~2 km s -1 is observed to significant sub-seabed depth.
The features of this model, henceforth called the S-wave inversion model, will be considered further in Section 5. 
Inversion model resolution testing
To determine the smallest structures and velocity variations resolvable in the S-wave inversion model we performed checkerboard testing (Fig. 8) , following the approach of Zelt (1998) . In this process, a velocity perturbation was added to the S-wave inversion model and synthetic travel times calculated using the shot-receiver offsets of the observed travel time picks. Random Gaussian noise corresponding to the pick uncertainties was then added to the synthetic travel times, prior to their inversion using the same parameters as those used to derive the S-wave inversion model itself ( Table 1) .
Input checkerboards were applied with a range of different vertical and horizontal cell sizes and scales of velocity perturbation, expressed as a percentage of the background model velocity. In order to remove any potential effects of input checkerboard pattern geometry on the outcome of testing, a suite of 14 unique patterns was tested for each checkerboard size by applying half-checkerboard size phase shifts laterally and vertically, and reversing the velocity anomaly polarity (positive and negative). Here we show the "at best" resolutions achieved for the upper-mid crust (Figs 8a-c ) and the entire crust along profile (Figs 8d-f) , and for the region beneath and between Marathon and Mercurius FZs (Figs 8g-i) . In each case, the pattern recovery is demonstrated by the semblance (Zelt, 1998) and is masked by the ray coverage, as indicated by the cell hit count (Fig. 7d) . We adopt Zelt's (1998) semblance threshold of 0.7 to define areas of the model that are well resolved, even though semblance can be misleading as it is dependent on the operator radius. We use an operator radius set to the checkerboard cell size, which is larger than the inverse cell size. Figures 8a-c show that, for an applied ±5% velocity anomaly, structures larger than 5 km x 2 km should generally be resolvable to a depth of ~2-3 km sub-seabed between 40-180 km along profile, where the semblance threshold of 0.7 is exceeded (Fig. 8c) , particularly beneath the 1320 and 1330 OCCs, the northern OCC of the Ashadze Complex, and the outside corner.
In general, for the crust as a whole, a 7 km x 4 km checkerboard cell size consistently yields reasonable-to-good recovery along the entire profile (Figs 8d-f) . However, caution needs to be taken when considering this cell size pattern as, in places, the vertical dimension matches the crustal thickness or the entire depth range of ray coverage. However, laterally the pattern is smaller than OCC width and inter-OCC spacing at the seabed and can thus be used to inform resolution of axis parallel inter-OCC connectivity. For all checkerboard patterns less than 10 km-wide horizontally, little pattern recovery was achieved in the vicinity of Marathon FZ. Consequently, the "at best" smallest scale of feature recoverable here is larger than 10 km x 2 km and ±5% velocity anomaly (Figs 8g-i) .
Ray coverage and/or the recovery of the imposed checkerboard are consistently poorest below 7 km below sea level and to the north of 120 km along profile distance, reflecting the apparent absence of longer-offset observed arrivals. Consequently, this marks the depth to which the model may be interpreted with any confidence. Overall, though, the resolution testing indicates that the internal velocity structure of each OCC should be independently resolvable and, consequently, so should their along ridge axis inter-relationship. Testing also showed that the general velocity characteristics of Marathon FZ and the northern flank of Mercurius FZ are resolved at a scale of 10 km x 2 km despite the relatively limited S-wave propagation across them, particularly at depth. 
Model features
On the basis of the resolution testing and the P-wave inversion and forward models and density models of Peirce et al. (2019a) , shown together for comparison in Fig. 9 , the features of the S-wave inversion model were appraised to identify which were a consequence of real geological structure and which result from the inversion process. An alternative way to appraise the lateral and vertical variation in velocity within models is to calculate the difference-from-average P-wave and S-wave models as shown in Fig.   10 . The difference in velocity between each cell in each horizontal layer below sea surface (specified as the forward cell size vertical dimension of 0.25 km) and the average for that layer (i.e. collectively forming a 1-D average velocity-depth profile) was calculated (following Dunn et al., 2017) using only those cells within each layer that are constrained by ray paths traced from shot to receiver. This approach, for example, highlights the location, and vertical and lateral extents within the crust of the Marathon FZ, and regions where lower crustal and uppermost mantle lithologies have been exhumed to shallower crustal levels to varying extents along axis beneath OCCs, by a positive difference in the Vp/Vs ratio (and similarly in the Poisson's ratio).
Few model artefacts remain in the S-wave inversion model after the second stage of inversion. A small localized bull's eye feature at the offset,depth 132,4 km (Figs 9c & 10b) is associated with the location of OBS 61, for which no S-wave arrivals were observed, while a region of higher velocity centred at 95,9 km (Fig. 9c) , matching no feature in either of the P-wave forward or inversion models (Figs 9a & b respectively) , is considered to be a trade-off compensation feature resulting from a gap in the ray coverage (Fig. 7d) . We propose that the remaining features, in parts of the model with semblance ≥0.7, all represent robust features of the travel time data. The principal crustal characteristics, which will be discussed in geological context in Section 6, are as follows: i) the northern Ashadze Complex is underlain by a higher S-wave velocity (>3.5 km s -1 ) at shallower crustal depth than any of the other OCCs of the western flank, ii) the 1320 and 1330 OCCs are distinguished by a region of higher S-wave velocity (>3.0 km s -1 ) at shallower crustal depth beneath the former, iii) the 1330 OCC has a lower S-wave velocity than any other OCC, iv) the outside corner to the north of Marathon FZ has a low S-wave velocity (<3.0 km s -1 ) to mid-crustal depth, v) Marathon FZ is underlain by a region of ~2 km s -1 S-wave velocity throughout the upper crust, and vi) the inside corner to the south of the Marathon FZ has an S-wave velocity-depth structure similar to that of the 1330 OCC, but distinctly different to that of the 1320 OCC.
VP/VS AND POISSON'S RATIOS
The Vp/Vs and Poisson's (s) ratios are often used as seismic-derived proxies for lithology and degree of metamorphism. For example, Christensen (1996) cites s»0.28-0.30 as indicative of normal ridge axis oceanic crust and further propose that s>0.34 indicates serpentinized lithologies. Grevemeyer et al. (2018a) apply the proxies Vp/Vs<1.9 for magma-rich and >1.9 for magma-poor crustal formation, while Grevemeyer et al. (2018b) use Vp/Vs>1.8 to delineate areas of increased serpentinization and hydration.
Plotting Vp versus Vs for basalts/gabbros and for serpentinites (e.g. Carlson and Miller, 1997; Christensen 2004 ) reveals that the two trends cross at Vp»7.5 km s -1 . Considering the precision in the velocity estimates, discrimination on the basis of Vp/Vs alone is valid for a Vp below ~7 km s -1 , where Vp/Vs>1.85 indicates serpentinites and <1.85 magmatic crust. In the same range, Poisson's ratio for serpentinites is >0.3, whereas for magmatic crust it is <0.28. Consequently, either of these proxies should highlight any along ridge variation in OCC lithological characteristics, degree of hydrothermal alteration, extent of lower crust and uppermost mantle exhumation, and potential tectonic and magmatic conditions that trigger the development of an OCC and which, ultimately, dictate its decline. In addition, the same proxies can also be applied to fracture zones to constrain the extent (both lateral and vertical) of fracturing and faulting, and the degree of fluid ingress occurring through such a fracture network to metamorphose the lower crust and serpentinize the uppermost mantle.
To enable direct comparison with previous studies, both the Vp/Vs and Poisson's ratios were, therefore, calculated along Profile R using the P-wave and S-wave inversion models, for areas where both models are constrained by P-and S-wave ray paths. These models (henceforth the Vp/Vs model and Poisson's model respectively) are shown in Fig. 9 and their corresponding difference-from-average displays in Fig. 10 . We highlight the Poisson's ratio and Vp/Vs contours of 0.29 and 1.85 respectively, and mask areas of the model where Vp > 7 km s -1 or ray coverage is low (<25 per cell). The lithological prediction derived from the Vp/Vs ratio (or equivalent Poisson's ratio) allows us to interpret the crustal section with some confidence. A number of primary correlations with tectonic structure are evident, all compatible with Vp and density (Peirce et al., 2019a) , and each will be discussed in geological context in Section 6. From north to south: i) the 1330 OCC Vp/Vs ratio of >1.9 (Poisson's ratio of >0.34) can be interpreted to suggest that the bulk of the crust beneath this OCC comprises serpentinized lithologies that have been exhumed to the shallowest crustal level, ii) the 1320 OCC the Vp/Vs ratio of <1.8 (Poisson's ratio of <0.2) suggests that this OCC is underlain by mafic lithologies to mid-crustal depth, but the profile only crosses the blocky portion of the OCC just ridgeward of the breakaway and does not cross the corrugated portion of the OCC where mantle serpentinites might be expected, iii) the Vp/Vs ratio in the transition between the 1320 and 1330 OCCs suggest that the shallow crust is dominated by magmatic rocks, that continue southwards towards the Ashadze Complex, in a layer no thicker than the upper crustal vertical resolution of 2 km, iv) the north and south OCCs of the Ashadze Complex have contrasting structures at shallow crustal depth, with the north OCC having a significantly faster (by ~2 km s -1 ) Swave velocity in the upper crust (and hence lower Vp/Vs ratio consistent with mafic crust). Between the north and south parts of the Complex, the profile crosses a slight Vp/Vs structure along the 13°N segment, MAR 16 bathymetric depression marked by corrugated seafloor, just westward of the most recent breakaway. For 1 km immediately beneath the corrugated seafloor the Vp/Vs ratio is high, indicative of serpentinized peridotite, but itself is underlain by a 2 km-thick zone of low Vp/Vs ratio, most likely reflecting a mafic intrusion. As the profile continues over the southern edge of the Complex, it passes over a convex-outward scarp, the likely breakaway of the most recent detachment. The blocky crust here has a predominantly low Vp/Vs ratio (considering the shallow crustal lateral and vertical resolution of 2 km) and is, therefore, most likely magmatic, v) south of Ashadze Complex, a thin layer (no thicker than the upper crustal vertical resolution of 2 km) with a low Vp/Vs ratio is underlain by a pronounced and laterally continuous, 2-4 km-thick layer with a high Vp/Vs ratio. Although at the resolution limits, we interpret this region as a thin layer of volcanics either rafted with, or emplaced through, a large extent of unroofed, serpentinized mantle. Alternatively, this region may reflect the extent of deformation associated with the Marathon FZ, that facilitates fluid ingress into the crust and supports metamorphism, and vi) the volcanic layer continues across the Marathon FZ, although its thickness there is not well constrained, and for ~10 km to the south. The inside and outside corners to Marathon FZ display a high Vp/Vs ratio and lower density characteristics consistent with serpentinized mantle, similar to the 1330 OCC, beneath a thin layer of volcanics.
DISCUSSION

Transform faults and fracture zones
The outside corner to the north of the Marathon FZ shows low S-wave velocity at shallower depth in a pattern not dissimilar to that observed beneath the south Ashadze and 1320 OCCs, suggesting a generally amagmatic section of ridge axis, but one which demonstrates significant inward-facing normal fault-like morphology (Fig. 1) . One-dimensional P-wave velocity-depth profiles (Peirce et al., 2019a) show that Marathon FZ has a relatively thin layer (~1-2 km) with lower P-wave velocity throughout its bathymetric footprint. Beneath this lies an ~2 km-thick region of, most likely, serpentinized uppermost mantle ( Fig. 9b & f) . This study shows that the S-wave velocity is, correspondingly, very low. However, the width of the low Vs zone extends beyond the footprint of the FZ itself, reaching up to ~20 km laterally beneath the inside corner to the south, and for ~40 km beneath the outside corner to the north up to the southern flank of the Ashadze Complex (Fig. 1a) . This observation suggests significant metamorphism beneath the FZ bathymetric footprint, and that faulting and/or fluid circulation may also be laterally quite extensive. Mallows and Searle (2012) interpret seabed morphology and fabric determined using TOBI sidescan sonar data and swath bathymetry (see Fig. 2 of Peirce et al., 2019a) in the axial region between ~13°15'N and 13°45'N ( Fig. 1a & c) as displaying an asymmetric spreading pattern, with greater fault slip to the west of the ridge axis south of ~13°30'N, and to the east in the north. Gerya (2010 Gerya ( , 2013 proposes that one consequence of asymmetric crustal formation is the spontaneous initiation of a transform fault along a pre-existing weakness. MacLeod et al. (2009) interpret the volcanic terrane to the north of ~13°30'N as reflecting magmatic seafloor spreading, and Peirce et al.'s (2019a) P-wave velocity model supports that view showing a crust with a velocity-depth profile consistent with standard oceanic crustal envelopes (e.g. White et al., 1992) , and having a distinct Moho.
The free-air, residual mantle Bouguer and magnetic anomalies (Peirce et al., 2019a) also suggest a different mode of crustal formation is occurring to the north of ~13°40'N, bounded to the south by a westward step in neovolcanic zone at ~13°38'N ( Fig. 1c) , interpreted by Mallows and Searle (2012) as a non-transform offset. The magmatism in the vicinity of the 1330 OCC, the apparent incipient dissection of the OCC behind (west of) the hanging-wall cut-off (Fig. 2b) , and the concentration of a band of microseismicity (Parnell-Turner et al., 2017) on its southern flank ( Fig. 2a) , may be associated with ridge tip southward propagation and readjustment of ridge geometry along axis, with a corresponding evolution of a deviation in ridge linear trend into a small-offset transform discontinuity. In this context, the OCCs expressing more magmatic crustal structures lie within a newly distinct ridge segment forming to the south of the 13°45'N. Consequently, the 1330 OCC will eventually sit in an inside corner setting with respect to the ridge axis to the north, where the southern side of its detachment acts as the line of inherited fabric along which a transform is now evolving, and which results in a westward-stepping of the ridge axis.
Oceanic core complexes
The seismic and gravity models presented here reveal distinct crustal structures beneath each of the OCCs currently in the vicinity of the western flank of the ridge axis, generally showing varying degrees of elevated velocity at shallow sub-seabed depth, and contrasting density structures. Both the P-wave and S-wave velocity-depth models (Fig. 9) show that the upper crust of the 1320 OCC comprises predominantly basaltic lithologies, despite the reported exposures of gabbros and serpentinites (Escartin et al., 2017) , while beneath the 1330 and southern Ashadze Complex OCCs, rocks of the lower crust or serpentinized ultramafic lithologies have been exhumed to, or within close proximity of, the seafloor.
Although the northern Ashadze Complex OCC has a basaltic upper crustal velocity-depth structure, it extends to a shallower crustal depth than the 1320 OCC to the north. Consequently, the detachment surfaces underlying these OCCs demonstrate varying degrees of lateral slip despite being within ~1 Myr of the ridge axis (Fig. 1) . The correlation between seismic structure and lithology, and seabed morphology is shown in Fig. 11 .
Along axis, the variations in velocity and density suggest that each OCC formed separately, such that they are structurally distinct. The boundaries between OCCs are marked by a thinner crust and occur over a zone no more than a few kilometres in width (Fig. 11) . The magmatic-like velocity-depth structure and ~1 km thicker crust of the 1320 OCC, compared to the other OCCs of the western ridge flank, coupled with observations of neovolcanic features on the seabed, the attenuation of seismic arrivals (Simão et al., 2016) and magnetic anomaly measurements (Searle et al., 2018) , suggest that this feature is currently associated with a region of focused magmatism located in the axial region to the east of its hanging-wall cut-off and to its north, and is consistent with Howell et al.'s (2019) interpretation that the magmatic accretion-type seabed morphology lying in between the 1320 and 1330 OCCs represents a focus of waxing magma supply, as also suggested by MacLeod et al. (2009) . Consequently, the magmatic spreading that is occurring between the 1320 and 1330 OCCs, should result in faster fault migration off-axis occurring there, than to the south. Thus, anticlockwise rotation of the 1320 OCC is apparent from the concave to the north and convex to the south geometry of its hanging-wall cut-off currently (Fig. 1c & Fig. 2d) , despite it having ridge perpendicular corrugations on the detachment surface reflecting its past slip direction.
The microseismicity observed in the 6-month period between JC102 and JC109 (Parnell-Turner et al., 2017 - Fig. 2a ) is concentrated to the east of the 1320 OCC (cf. Fig. 2d) , along the inward-facing fault structure to the north (cf. Fig. 2c) , and along the southern flank of the 1330 OCC (cf. Fig. 2b) .
These observations suggest that deformation is concentrated in a zone surrounding the ridge axis to the east of the 1320 OCC which, together with magmatic constructions on the seabed, indicates that the 13°N segment may have transitioned from a faulting-dominated period, into a magmatic one in response to a waxing of the magma supply. This magma supply is currently focused between the 1320 and 1330
OCCs. Consequently, the inward-facing faults forming to the north of the 1320 OCC may be linked to it on the basis of the associated microseismicity, but unlinked to the 1330 OCC. The 1320 and 1330 detachments are, therefore, separate features, with the east-west trending pattern of microseismicity demonstrating relative slip between the magmatic zone and the relict 1330 OCC to the north. On the basis of Howell et al.'s (2019) modelling, the absence of inward-facing normal faults forming between the 1320 and the northern Ashadze Complex OCCs, suggests that here, a faulting regime (M<1) still predominates.
Overview
The spreading segment between 12°40'N and 13°40'N is known to be marked by several oceanic core complexes representing plutonic and mantle rocks exhumed by large offset oceanic detachment faults, which suggests that this segment has predominantly been in a phase of amagmatic spreading. In addition to the P-wave velocity structure, the observed S-wave velocity structure has revealed the true extent of the along axis variation in lithology. The key results are that the corrugated surfaces of the 1330 OCC and, although less clearly so, the central portion of Ashadze Complex mark the top of regions of serpentinized mantle, whereas the blocky crust of the 1320 OCC (and the blockier, rougher portions of Ashadze) appears entirely magmatic.
Although our results do not contradict the idea that the 1320 and 1330 OCCs are structurally distinct, Profile R crosses different portions of these OCCs and does not fully resolve the region between them to full uppermost mantle depth. More surprisingly, the outside corner crust between the Ashadze Complex and the Marathon FZ to the south, appears to consist of a thin veneer of volcanics above a 2-4 km-thick layer of serpentinites. This is surprising as outside corners are generally thought to be more magmatically robust than inside corners, whereas here the crusts are seismically indistinguishable. The mechanism of mantle exhumation is obscured by the volcanics but may be either by one or two longlived normal faults (oceanic detachments) or possibly by many cross-cutting detachments operating in a flip-flop manner as described for the ultraslow SWIR (Reston, 2018) .
Overall, the pattern seems to one of tectonic spreading, unroofing first blocky, rough magmatic crust and then smoother, corrugated mantle serpentinites, punctuated by periods of magmatism.
Towards the southern end of the spreading segment, however, spreading appears to have been more continuously magma-poor.
CONCLUSIONS
This study of the 13°N segment of the MAR aimed to investigate the crustal structure, lithology and inter-relationships between OCCs, determine any along axis continuity of each OCC's detachment, and better understand the relationship between magmatism and the longevity of OCCs. It also aimed to better understand the relationship with the adjacent segment bounding fracture zones to the south and a change in ridge geometry, mid-segment, to the north. From our study, we draw the following conclusions. 1) P-wave and S-wave, Vp/Vs and Poisson's ratio, and density models collectively show that each OCC along the western flank of the 13°N segment of the MAR has a distinct velocity-depth structure, with the horizontal transition between them occurring over a zone of a few kilometres in width.
2) Each OCC shows a contrasting P-wave and S-wave velocity pattern at shallow sub-seabed depth, and density structures consistent with the P-wave velocity.
3) The Vp/Vs ratio (and equivalent Poisson's ratio) demonstrates the extent of lower crustal and upper mantle exhumation beneath each OCC, with the 1330 and southern Ashadze OCCs having upper-mantle-like lithologies exhumed to shallow sub-seabed depth, while for the 1320 OCC, the velocity and density models suggest that the upper crust comprises mainly basaltic lithologies despite the reported exposures of gabbros and serpentinites (Escartin et al., 2017) . 4) Our combined models favour the localized model of OCC evolution, in which OCCs are spatially restricted, structurally isolated and ephemeral features that are switched on and off by variations between magma-dominated and faulting-dominated ridge axis conditions. 5) The prominent inward-facing normal faults located north of the 1320 OCC may be linked with the 1320 detachment surface, extending along axis as far north as the southern edge of the 1330 OCC. This region of magmatic accretion-type seabed morphology and normal faulting coincides with the current focus of magmatism between the OCCs as marked by volcanic craters and lava flows on the seabed.
6) The magmatism and active faulting behind (west of) the footwall breakaway of the 1330 OCC (Peirce et al., 2019a) and the microseismicity concentrated in a band along its southern flank (Parnell-Turner et al., 2017) , suggest a readjustment of ridge geometry along axis is underway, as part of which a transform offset is forming that will ultimately result in a westwards ridge Vp/Vs structure along the 13°N segment, MAR 20 jump and accommodate the 1330 OCC in its inside corner on the eastern flank of the ridge axis to the north.
7)
The outside corner to the north of the Marathon FZ has a relatively low S-wave velocity within the upper crust corresponding to a region of magmatic accretion-type seabed morphology. 8) Marathon FZ has a thin crust with low P-wave velocity, that is restricted to within its bathymetric footprint. The corresponding low S-wave velocity zone extends laterally within the lower crust for at least 20 km beyond the footprint of the FZ, suggesting that transform-fracture zone deformation may not be confined to a narrow region. Such extensive faulting provides pathways for fluid flow that results in extensive metamorphism of the lower crust and serpentinization of the uppermost mantle. Table 1 . Summary of P-wave and S-wave inversion parameters (after Zelt and Barton, 1998) . The low-resolution versions were created solely to achieve the upload file size restriction for submission into GJI's Manuscript Central for review. (Beltenev et al., 2007; Cherkashov et al., 2010a,b; 2013; Pertsev et al., 2012; Bortnikov et al., 2015) . Mallows and Searle's (2012) average ridge axis is marked by the black-dashed line. Fig 7d) . Fig 7d) and a P-wave velocity of <7.0 km s -1 , and all parts are also masked by the base of crust determined from gravity modelling f). Fig 7d) and a P-wave velocity of <7.0 km s -1 , and the base of crust determined from gravity modelling (cf. Fig 9f) . The black star and black square mark features interpreted as artefacts of the inversion process (see Fig. 9 and the text). Fig 7d) .
TABLES
Inversion parameter P-wave model
